The glycine-conjugation pathway is common in the metabolism of many phenyl carboxylic acids in various species."On the other hand,the removal of the glycine moiety from glycine conjugates by mammalian intestinal flora has also been reported:hippuric acid by enterococci,2)p-aminohippuric acid by rat cecal microorganisms,3)p-aminohippuric acid and p-acetylaminohippuric acid in the gastrointestinal tract of man.4)In addition,the conversion of salicylurate to salicylic acid was demonstrated in the isolated perfused rat kidney. 5 Boxenbaum et al.6 )demonstrated that salicylurate undergoes intestinal microbial metabolism to salicylic acid prior to absorption in healthy subjects and suggested the usefulness of salicylurate as a prodrug,but the details of enzymatic hydrolysis of salicylurate by intestinal microorganisms have remained obscure.Recently,Shibasaki et al. '-9) reported the inability of antibiotic-treated rabbits to form salicylic acid from salicylurate: salicylic acid was not formed by the feces from rabbits treated with the antibiotic,whereas normal feces showed a high activity to hydrolyze salicylurate in vitro.Major salicylurate-hydrolyzing activity was observed in the cecum of the intestinal tract.
On the other hand,there are several reports on hippurate hydrolase(EC 3.5.1.32).This enzyme is distributed in various species of microorganisms,')and has been purified to homogeneity from Pseudomonas putida C692-3,21)Corynebacterium equi H-7,22)and Streptococcus faecalis R ATCC 8043.23.24)These enzymes are specific for N-benzoyl amino acids,being preferentially active toward glycine-and/or L-alanine-derivatives.
Our present investigation deals with the purification and characterization of salicylurate- 
Results and Discussion
Screening of Microorganisms for Salicylurate-Hydrolyzing Enzyme Production After screening of more than 200 colonies from rabbit feces,we chose one colony with potent activity toward salicylurate.The taxonomic characteristics of this strain were not tested in detail,except that the strain was positive on Gram staining,and was in a monococcus or diplococcus form.It seems likely that this strain belongs to enterococci which are known to be gram-positive bacteria capable of hydrolyzing sodium hippurate into benzoic acid and glycine.2 The enzyme activity was not detected in the culture filtrate.Although Rohr10) reported that hippurate hydrolase was induced by benzoic acid,the intestinal bacterium was found to produce the enzyme without addition of any inducer.
Purification of Salicylurate-Hydrolyzing Enzyme
The cell-free enzyme preparation was obtained by means of physico-chemical treatments as described.After removal of nucleic acid and other impurities and fractionation with ammonium sulfate from 35 to 70%saturation,the crude enzyme was prepared.Two peaks of the enzyme activity were found on DEAE-Toyopearl chromatography (Fig.1) .The enzyme which appeared in the void fraction(enzyme I)was further purified by using columns of CMcellulose and hydroxyapatite.By these procedures,enzyme I was purified about 600-fold with an activity recovery of 1% (Table I ).The purity of the enzyme preparation was checked by Crude enzyme solution(protein,5600 mg;activity, 140 units in a total volume of 310 ml)was applied to the column(4.3x30 cm)equilibrated with 20 mm sodium phosphate buffer,pH 7.0. (Table  II) .The enzyme inactivated with PCMB was reactivated by the addition of2-mercaptoethanol and dithiothreitol (Fig.3) .The enzyme inactivated with ophenanthroline was completely reactivated by the addition of Zn2 (Fig.4) enzyme-substrate interaction.Furthermore,if PCMB reacts with cysteine residue(s)coordinated to the active site metal ion,the enzyme might irreversibly lose its activity.
Substrate Specificity
The substrate specificity of enzyme I was investigated (Table  III) .The enzyme was active a)The enzyme activities were assayed by the standard assay method using p-HO-Bz-Gly as described in Materials and Methods.b)The enzyme activities were assayed by the ninhydrin method as described in Materials and Methods. The enzyme activity was assayed by the ninhydrin method.The Vmaxvalues were calculated by means of a Lineweaver-Burk plot and were expressed relative to that of N-benzoylglycine.
toward Bz-Gly,p-substituted Bz-Gly(s),p-HO-Bz-L-Ala,p-HO-Bz-L-Glu,and o-HO-BzGly in decreasing order.The apparent Km values for Bz-Gly,p-HO-Bz-Gly,p-HO-Bz-L-Ala, o-HO-Bz-Gly were calculated to be1.0,1.4,0.6and0.2mm,respectively.The ability of the enzyme to hydrolyze N-acyl compounds with bulky substituents such as benzyloxycarbonyl (Z-)and tert-butoxycarbonyl(Boc-)groups was negligibly low.The enzyme was also inert toward acetyl-Gly and p-HO-Bz-/3-Ala.A variety of N-benzoyl peptides such as p-HOBz-Gly-Gly,Z-Gly-L-Phe and Bz-Gly-L-Leu were not susceptible to the enzyme.These results indicate that the enzyme recognizes the benzoyl moiety as an acyl group and amino acids such as glycine,L-alanine,and L-glutamic acid.Thus,the enzyme is concluded to be a typical hippurate hydrolase.The effect of the p-substituted group on the hydrolysis of the acyl bond of N-benzoylglycine was examined.The apparent reaction rate was in the following order:p-Cl>p-NO2>H>p-CH3O >p-HO.Electron-attracting groups such as C l and NO2 increased the rate,but electron-donating groups such as CH3O and HO decreased it.The differences in apparent reaction rate seem to depend on the electronic effects of p-substituents on the acyl bonds of these substrates.A linear relationship was observed between the Hammett op constants32)and logarithm of relative V max of these p-substituted substrates (Fig.  5) ,except that p-NO2-substituent was far from the line, presumably because of its steric hindrance.
Various species of microorganisms10-24)degrade hippuric acid to benzoic acid and glycine.The enzymatic properties of the present intestinal bacterium were compared with those of the other microorganisms (Table  IV) .The enzymes resemble each other in enzymatic properties and molecular weight,but salicylurate-hydrolyzing enzyme was localized in the cell membrane and the isoelectric point of the enzyme was quite different from those of the other enzymes.Most of the enzymes from bacteria could hydrolyze N-Bz-Gly,N-Bz-L-Ala,and NBz-L-aminobutyric acid but could not act on N-acetylamino acids or various N-Bz-peptides. These types of the enzymes could be divided into two classes according to their substrate specificity.One type,including the present enzyme,is N-benzoylglycine amidohydrolase, which hydrolyzes N-Bz-Gly more rapidly,and the other type is N-benzoylalanine amidohydrolase,which is more active toward N-Bz--Ala,as in the case of the enzyme from C.equi.
